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In the course of recent experiments on Drosophila 
salivary gland chromosomes with both fluorescent 
dyes and isotopic labeling, we have found evidence 
which  bears  on  the  question  of nucleolar  DNA. 
We  would  like  to  describe  these  observations 
in  support  of the  growing  number  of  reports on 
the  presence  of DNA  in  nucleoli  (1-5; see refer- 
ence 4  for  additional  references)  and  in  view of 
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(6-10). 
MATERIALS  AND  METHODS 
Using  a  previously  described  technique  (11),  ex- 
cised salivary glands from mature third instar larvae 
of Drosophila melanogaster were  fixed  in  45  per  cent 
acetic  acid  and  squashed  on  gelatinized  slides, 
either  immediately  (for  fluorescence  analysis)  or 
after  a  short  incubation  with  H3-thymidine  (for 
radioautography).  Postfixation,  after liquid nitrogen 
freezing for coverslip removal,  was  in  3:1,  ethanol- 
acetic  acid;  the  slides  were  then  passed  through  a 
graded  ethanol series to  water  for subsequent treat- 
ments. If storage was required, the slides were left in 
75 per cent ethanol. 
FLUORESCENCE  MICROSCOPY  :  Planar  acridine 
dyes can be used as stains for nucleic acids; the dye- 
substrate complexes  formed  emit  secondary  fluores- 
cence in the red-green part of the spectrum when ex- 
cited with blue light.  We have used  two  such dyes, 
coriphosphinc 0  (according to the method of Keeble 
and Jay  (12))  and  acridine orange  (according to  a 
procedure  previously  described  by  us  (13)). 
As we  use  them,  both dyes give  red  fluorescence 
with RNA and yellow-green fluorescence with native, 
double-stranded DNA.  After treatments which may 
be  presumed  to  denature  DNA  (13)~r  when the 
native form of DNA  is single-stranded  (14)--DNA- 
containing structures fluoresce red when stained with 
acridine  orange.  Our  own  denaturation  studies 
show  this  to  be  true  for  coriphosphine  O  as  well. 
The  dyes  differ  in one  respect,  however:  the  back- 
ground  fluorescence,  which  is  not  attributable  to 
binding  with  nucleic  acids,  is  yellow-green  with 
acridine orange but red with coriphosphine O.  (It is 
probably  this  characteristic  of  coriphosphine  O 
which has led to the supposition that the secondary 
fluorescence  of  its  complex  with  RNA  fades  less 
rapidly  than that of acridine orange,  reference  12). 
These differences in background enable us to detect 
very small amounts  of DNA  since  the yellow-green 
of  native  DNA  shows  brilliantly  against  the  red 
coriphosphine  O  background,  whereas  denatured 
DNA  shows  clearly  in  RNA-free,  acridine  orange- 
stained preparations. 
The optical system used for observation of fluores- 
cence has been described previously,  as  have dena- 
turation techniques applicable to microscopic prepa- 
rations (13). 
LABELING  AND  RADIOAUTOGRAPHY  :  The 
isolated glands were incubated in modified Ringer's 
(15)  with  added  H3-thymidine  (New  England  Nu- 
clear Corp.,  6,000 to  16,000 /ZC/~M) at a  concentra- 
tion  of  5  to  15  /.~c/ml,  for  5  to  25  minutes.  The 
squashed  and  fixed  preparations  were  stained  with 
aceto-orcein  (16)  to  facilitate  good  photographic 
recording  before radioautography.  AR-10  emulsion 
(Kodak,  Ltd)  was  used  for  the  radioautographic 
detection of radioactivity. 
ENZYME  TREATMENTS:  Slides  were  washed  in 
water  and  then  treated  as  follows: 
Deoxyribonuclease: Three  hours,  at  38°C,  in  an 
aqueous solution of 30 mg/100 ml crystalline DNase 
(Worthington) in 4  X  10  q  M MgSO4; pH  adjusted 
to 7.0 with 0.1 N NaOH. 
Ribonuclease: Three hours  at  38°C,  in  an aqueous 
solution  of  30  mg/100  ml  crystalline  pancreatic 
RNase  (Worthington);  pH  adjusted  to  7.0  with 
0.1  M Na2HPO.  The ribonuclease solution was held 
at  100°C  in  a  water  bath for  20  to  30  minutes to 
destroy any possible DNase contaminant. 
RESULTS  AND  DISCUSSION 
Through  the  use  of  fluorescence  microscopy  on 
acridine  orange  or  coriphosphine  O-stained 
Drosophila salivary  gland  squashes,  wc  have  seen 
elements within the nuclcoli which we believe to 
contain  DNA  (Fig.  1).  These  elements,  usually 
globular  or,  more  rarely,  filamentous,  fluoresce 
yellow-green with both dyes, fail to fluoresce after 
DNase digestion, but appear unaffected by RNase 
incubation.  Moreover,  if the  slides are  subjected 
to brief treatments with N HCI  (1  to 5  minutes at 
60°C)  the  elements  fluoresce  red  after  staining. 
This is a  color change which is characteristic for 
DNA  (13).  Removal  of  RNA  prior  to  the  de- 
naturation  treatment  (i  HC1)  does  not alter  the 
result except insofar as contrast may be increased 
by  the  complete  elimination  of  RNA  secondary 
fluorescence. 
The  DNA-containing  elements  appear  dis- 
tributed throughout (or over the entire surface of) 
the  squashed  nucleoli.  We  can  say  little  about 
their dimensions,  except  that  the  maximum  size 
is probably not much over  1 /~; it may be a  good 
deal  less  since  the  detectability  of  a  fluorescent 
object  is  limited  primarily  by  the  amount  and 
quality  of  the  light  emitted,  compared  to  back- 
ground, and not by the physical dimensions of the 
object or its microscopic resolvability in the usual 
sense. 
The uniform distribution of the elements is not 
easily  reconcilcd  with  the  assumption  that  they 
are  part  of a  tightly organized  chromosome  axis 
penetrating  the  nucleolus,  particularly  since 
chromosomes  which  are  seen  to  lie  alongside  it 
show no obvious signs of "unraveling." However, 
we do not rule out the possibilities that this DNA 
either derives from chromosomes  or  is a  discrete 
lateral projection from a  chromosome. 
R  I  E  F  N  O  T  E  S  683 FIGUaE  1  Black and white direct print of an Ektachrome transparency of a  portion of a  Drosophila 
salivary gland nucleus stained with coriphosphine "0" after RNase digestion and observed with fluores- 
cence microscopy. Brightly fluorescent detail appears dark in the print.  The arrows indicate  nucleolar 
masses with fluorescent granules,  the DNA-containing elements (see text). The grayish areas show back- 
ground fluorescence.  (Some contrast has been lost in photographic processing).  About )<  3800. 
584  B  R  I  E  F  N  O  T  E FmtmF~s ~ a and b  Phase contrast micrographs of a labeled nucleolus  and its associated X  chromosome; 
photographed (a) before and (b) after radioautography. The gland from which this preparation was de- 
rived was incubated with HS-thymidiDe (15,600 l,  ZC/pM,  10 #e/rot) for 10 minutes, l~dioautographie expo- 
sure  was  15  days. The  squashed preparation  was stained with aceto-oreein  before photography and 
subsequent processing.  About X  1800. We have noted nucleolar labeling in cells incu- 
bated  for  10  to 20 minutes in H3-thymidine,  on a 
dozen  or  so  occasions.  Like  the  fluorescing  ele- 
ments,  nucleolar  label  appears  randomly  dis- 
tributed.  Nucleolar  labeling  is  characteristically 
associated  with  dense  (continuous  [11])  patterns 
of  chromosomal  thymidine  incorporation.  Figs. 
2 a  and  b  illustrate a  single good example.  The 
chromosome  (an  X)  is  very  heavily  labeled  (cf. 
reference  11),  the  nucleolus  less  so  but  still  ap- 
preciably above background. 
Our  conclusion  that  nucleolar  labeling  repre- 
sents  incorporation  of H3-thymidine  into DNA is 
subject  to  some  qualifications.  While  we  have 
never  observed  the  label  in  preparations  sub- 
jected  to  DNase  digestion,  it  occurs  infi'equently 
and  thus  could  have  been  missed,  particularly 
since  the  heavily  labeled  nuclei  with  which  it  is 
normally  associated  cannot  be  identified  after 
DNase.  We  have  seen  some  probable  cases  of 
nucleolar  labeling  in  preparations  subjected  to 
RNase  digestion;  however,  the difficulty of iden- 
tifying a  nucleolus in radioautographs  under these 
conditions  makes  the  observation  less  than  com- 
pletely satisfying. 
Aside from the lack of evidence to the contrary, 
some  support  for  the  supposition  that  the  nucle- 
olaf labeling is in DNA, rather than RNA or pro- 
tein,  derives  from  the  difference  between  the 
labeling  pattern  described  and  that  seen  in  nu- 
cleoli of cells incubated  with  uridine  or cytidine, 
or basic amino acids.  In these,  every nucleolus is 
labeled  at  least  as  densely  as  the  chromosomes. 
The  fact  that  the  sporadic  nucleolar  labeling  is 
associated  with  a  particular  pattern  of  chromo- 
somal  incorporation  of H3-thymidine  also  impli- 
cates  DNA  synthesis.  We,  therefore,  conclude 
that we observe nucleolar label as a  result of DNA 
synthesis which occurs during  that  phase of chro- 
mosomal  DNA  replication  leading  to  the  "con- 
tinuous"  labeling pattern.  The nucleolar DNA is 
presumahly  that  which  gives  rise  to  the  fluores- 
cence  pattern  described  above.  The  structural 
relationship  between  the  nucleolar  DNA  and 
chromosomal  DNA  is  obscure.  However,  it  ap- 
pears  from  our  observations  as  well  as  those  of 
Miller  (2)  and  Granboulan  and  Granboulan  (3) 
that  nucleolar DNA cannot  be readily attributed 
to  an  unmodified  chromosome  traversing  the 
nucleolar volume. 
Note Added  in  Proof:  Current  work  with  an  inter- 
specific hybrid  of  Drosophila indicates  that  the  cor- 
relation  between  nucleolar  DNA  labeling  and  the 
"continuous"  chromosomal  labeling  pattern  is  not 
absolute. 
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